We propose 3 weeks of lectures during the summer 2012 concentrating on applying lattice QCD techniques to the study of nuclear physics. The goal of this summer school is to educate and prepare the next generation of students in this new subfield of nuclear physics.
Motivation and Background
The US nuclear physics program has thrived in recent years. The ongoing programs at Jefferson Laboratory and at RHIC, the JLab 12-GeV upgrade, the newly started FRIB, and a potential future Electron-Ion Collider will extend our understanding of strong interaction physics to new regimes and provide a new theater to search for physics beyond the Standard Model. The LHC is now creating the highest-energy manmade collisions in history, which will help us understand matter under extreme conditions and physics in the small-x region. In parallel, a plethora of theoretical models have been developed to address all aspects of strong-interaction physics in terms of the fundamental theory of quantum chromodynamics (QCD). Lattice gauge calculations are essential to this task, in that they enable QCD to be solved in the low-energy regime.
With the constant increase of computational resources and improvement in algorithms, new opportunities for lattice QCD to address key questions in nuclear physics are emerging. Calculations today use dynamical gauge-field ensembles with degenerate light up/down quarks and the strange quark. The pion mass is approaching its physical value and other sources of systematic error, such as finite-volume and discretization effects, are beginning to be quantified. Some groups have even begun to include charm-quark degrees of freedom in the QCD vacuum. Nuclear physics calculations that used to be considered formidably challenging due to their high computational cost are now more feasible thanks to growing computational resources. An era of precision calculation is coming, and many new observables will be calculated at the new computational facilities. Although lattice nuclear physics is a relatively new subfield, for the young generation it is a thriving one.
Despite these opportunities, there is no systematic way for students or young researchers to learn the subject. Although there are a few books introducing lattice gauge theory, they cover little of the applications to nuclear physics. The few review articles on the subject are aimed toward more senior researchers, who already have substantial expertise. In this summer school, we propose to hold a series of courses that will give students not only an overall understanding of lattice gauge theory, but also cover in detail how one applies lattice gauge theory to the calculation of key quantities in nuclear physics.
The summer school will start with an overview of quantum chromodynamics, followed by a series on lattice gauge theory methods, including the construction of commonly used gauge and fermions actions, and outline the Symanzik improvement program for simple operators of interest. State-of-the-art algorithms for generating gauge ensembles and fermion propagators will be covered. Students will perform numerical exercises to allow hands-on practice on using the USQCD lattice physics code, analyzing and fitting data, and learning how to utilize new hardware, such as GPUs and the CUDA environment. In parallel, 5 lectures will focus on more specific topics, such as hadron spectroscopy, structure functions, and form factors, nuclear interactions, and nonzero-temperature and nonzerodensity QCD. Chiral perturbation theory will be covered, and effective field theory will also be introduced, first in the continuum and then for new applications using lattice discretization.
Shorter courses (2 lectures) on more specialized topics will also be given during this summer school. The precise subject matter will be chosen to reflect the latest developments at the time of the summer school.
There is much interesting nuclear physics that has yet to be explored in lattice gauge theory; more and more challenges present themselves even as we overcome others. To ensure the future of the field, we need to prepare more young people to participate. Such a summer school would be one effective way to interest and encourage the next generation of students. To further broaden the impact of the school, we will look for additional funding sources to allow publication of the courses to benefit future students.
Proposed Summer School
We would like to focus on graduate students with quantum field theory background, primarily second-year and more advanced graduate students. A small group of students would be optimal: around 40.In order to encourage students to interact with lecturers as much as possible, it is important not to make the group of students too large.
We will ask each lecturer to prepare one "homework" question for the students at the end of a section to keep students thinking on their own.
We plan to hold three lectures per day (except for the first and second Wednesday) plus one hands-on section, such as learning to write and run lattice software (Chroma, CUDA, etc.), working with computer hardware and analyzing some real-world data.
Office hours will be held 4-5PM every weekday for students to ask any detailed questions that may not have been answered during the lectures. We will encourage the main lecturers to remain at the school for the whole week in which their lectures occur, so that they will be available to the students. 
Course Topics and Suggested Lecturers

Publication
Although there are a couple of books providing an introduction to lattice QCD, they contain little information regarding applications to nuclear physics. We would request that all the lecturers write down a certain number pages based on their lectures so that we can look for publishers to publish these lecture notes. This will benefit future students or anyone who wants to learn about the topic.
